Esthesioneuroblastoma (ENB) is a rare malignant tumor of the nasal cavity with distinct clinicopathologic features, multiple facets, and differing clinical behavior [1] . It originates from olfactory cells and also has a neural crest origin. Although it is a rare tumor, it has the potential for aggressive growth and the propensity for regional metastasis [2] . Early discovery and aggressive management play a key role in a patient's survival and quality of life [3] . ENB was described in 1924, and since then different institutions have developed various protocols for treatment whether it is surgical, radiation, chemo or a combination of these treatment modalities [4] . In modern practice, multimodality/multidisciplinary therapy appears to be the approach of choice [5] . There has not been extensive research on the genetic basis of ENB in recent years but sonic-hedgehog gene has been implicated recently in the development of the tumor. Further investigation is necessary to determine what other genes might be responsible for tumor development [6] .
Symptoms of ENB vary depending on the location of the tumor and the extent of the disease and the stage at presentation. The most common symptoms are unilateral nasal obstruction, nasal bleeding, headache, facial pain, and a decreased sense of smell. Extension of the tumor to the eyes or the cranial cavity and the nasal cavity can lead to symptoms related to these areas. Serous otitis media can develop due to the obstruction of the eustachian tube. Sinonasal symptoms are the most common in this condition, and they mimic the symptoms of inflammatory disease in the area and could be confused as such, leading to misdiagnosis delaying effective treatment [7] .
It is worth noting that 20% of patients who present with ENB will have neck metastasis so it is important for proper diagnosis to take a good history and perform a focused physical exam with an emphasis on the neck examination. Nasal endoscopy is then performed to locate the tumor, stage it and obtain a biopsy [8] .
When suspecting ENB the initial test that should be performed is a high-resolution computerized tomography (CT) scan. This allows for superior delineation of bony structures and whether they are intact or broken. It is of critical importance to observe the orbit, skull base, septum, and palate. High-resolution CT is the imaging modality used initially. Each patient with suspected ENB needs to undergo a CT scan and a magnetic resonance imaging (MRI) scan as part of the standard imaging procedure. This is critical to evaluate lesion extent, and involvement of the surrounding structures like the orbit, skull base, dura and brain parenchyma. CT of the neck, chest, and abdomen is the next step to evaluate the possibility of metastasis. Positron emission tomography (PET) scan is an option to investigate distant metastasis as well [9] [10] .
Several staging and grading systems have been developed to assess ENB. Hyams grading system is used for prognosis and grading while the Kadish system is for staging the disease. These are the most widely used systems in modern day literature. The difficulty in validating any staging system in the case of ENB is due to the low incidence of disease among other variables [11] [12] .
Review Methods
This is a literature summary designed to report relevant center experience concisely and clearly to qualitatively report findings on which of the currently used protocols provide the lowest mortality and morbidity in clinical trials conducted from 1990 to January 2019. The objective of this study is to report the treatment option that has the best progression-free survival and overall survival. All clinical trials published since 1990 until January 2019 were selected. Studies were required to be written in English and include a sample of adult males and females. Databases used include PubMed, Medline, the Cochrane Collaboration. Keywords were:
"Esthesioneuroblastoma", "ENB", "Olfactory Neuroblastoma", Nose neoplasm", skull base neoplasm", "radiation", and "resection". The search yielded 684 articles. Limitations used were: published after 1990, English language, and clinical trials. Results were excluded if written before 1990, written in languages other than English and if the sample under study is not adult males or females. Studies that did not address the question directly were also excluded.
The search yielded seventeen papers that were included in this review. The criteria to accept papers was based on the clear reporting of outcomes post-intervention. Fourteen single-center experiences, one systematic review, two nationwide multiple center retrospective reviews were included. Studies that analyzed the same sample and reported the same prognostic variables were excluded from the summary but added in the discussion as relevant. This exclusion is to limit redundancy in analyzing findings and to avoid exaggerating results. Data reported in this review are summarized in Table 1 . ENB is a rare condition that affects the nasal cavity. Due to the rarity of the disease and different treatment modalities in different centers, generalizations about single center experiences is difficult. Moreover, there is heterogeneity that comes with the findings that must be kept into consideration while evaluating the results. In this review, one theme can be ascertained very quickly, which is the clear trend towards far superior overall survivability and disease-free survival with multimodal interventions; namely surgical resection followed by radiation therapy [18] [19] [20] [21] [22] [23] . In all studies included in this review, this finding has been consistent regardless of the resection type. This finding becomes more apparent with higher disease stages as surgery followed by radiation therapy showed longer disease-free progression in Kadesh stage C in particular [25] [26] [27] [28] .
It is worth noting that in two studies delayed administration of radiation post-surgical resection was associated with a higher probability of disease recurrence and metastasis suggesting the necessity of fast and aggressive introduction of adjuvant radiation therapy early after surgical resection [15, 19, 21] . When comparing two groups, the first receiving radiation therapy post-surgery and the other group receiving it six weeks to two months' post-surgery, the authors found that although the patients receiving the radiation therapy immediately postsurgery had slightly higher levels of toxicity than the patients who did not receive it promptly, they did better than the delayed group in the disease-free time and time to recurrence with metastasis [20] .
One very important aspect we think needs further research is whether the introduction of nasal endoscopic surgical techniques as compared to conventional surgical techniques for ENB treatment accelerated the healing process opening the door for a timely use of adjuvant radiation therapy which could lead to an even better outcome in terms of disease-free survival. The current literature does not show any significant difference between surgical techniques on their own in terms of outcome [15] . However, it would be worth investigating whether techniques with better healing time coupled with the rapid introduction of radiation therapy would be superior to other techniques.
As for using radiation and when to use it pre or post-surgical resection, most studies in this review used radiation post-surgical resection, however, the reasoning for this choice is not clear. It is true that this is the standard practice by ENT and neurosurgical teams, however, the basis for this choice is not challenged by other options thus far. An example of a challenging outcome would be Yin et al. (2016) who used radiation therapy before surgical resection and found the results to be superior to using it after surgery in terms of disease-free survival [16] . This study given its sample size has a significant weight in begging the question of when radiation needs to be done pre or post-surgery for the best overall and progression-free survival.
Conclusions
ENB is a rare olfactory neoplasm that requires careful evaluation and prompt diagnosis. Aggressive treatment is necessary to improve patient disease-free and overall survival. This review concludes that surgical resection followed by radiation therapy provides the best disease-free survival and overall survival. The role of chemotherapy post surgery is potentially harmful to disease-free survival and overall survival and thus should be discouraged until further research is conducted to ascertain the degree of benefit and harm to patients.
